In three plants, which were on the basis of morphological features suspected to be hybrids of this origin, pollen sterility was high and meiotic irregularities were frequent. Subsequent comparison with experimentally produced hybrids between natural hexaploids left no doubt as to the hybrid origin of the three plants.
Crossability relationships: Crosses were made in 48 combinations utilising representative forms of the three naturally occurring ploidy levels. Crosses were studied in ten other combinations using hybrids or colchicine induced autotetra ploids or amphiploids.
The results are diagrammatically presented in the crossing diagram (Fig. 1) Reversal of crossability: In diploid S. nigrum S 31, one plant treated with colchicine had diploid and tetraploid branches.
Flowers of the diploid branches were pollinated with pollen of S 33 (Indian natural tetraploid) and all the result ing seeds produced triploid plants on germination, thus showing easy crossability between them. Flowers on the tetraploid branches of the same plant were also pollinated with pollen from S 33 and its reciprocal cross was also made; both these crosses, however, failed revealing that the autotetraploid of S 31 could not be successfully crossed to the natural tetraploid either as seed or pollen parent.
Eventhough the same diploid, S 31, could not be crossed to the natural hexa ploid S. nigrum of India, S 11, either as male or female parent, autotetraploid of S 31 crossed with S I 1 as pollen parent readily producing pentaploid hybrids.
These results clearly demonstrate that autopolyploidy reverses the crossability of relationships in the S. nigrum complex. Diploid S. nigrum, as seed parent, crosses with natural tetraploid but fails to hybridize with natural hexaploid, while its autotetraploid behaves in the reverse way.
Isolating mechanisms: The various isolating mechanisms observed in the pre sent study are designated hybrid inviability, hybrid sterility and hybrid breakdown following Stebbins (1958) . The species and races isolated by the different mechani sms are listed below with brief descriptions.
Hybrid inviability: The hybrid zygotes are inviable or adaptively inferior to those of the parental species. S. nigrum diploid and S. nigrum hexaploid of India are isolated by this mechanism.
Hybrid sterility: Failure of hybrids to produce a normal complement of and M. Seven plants in the total 40 were weak and stunted in growth with deformed leaves and flowers. They died early without setting fruit .
Discussion
Genetic barriers: One of the obvious isolating mechanisms which restricts gene exchange in the Solanum nigrum complex is autogamy. Geographical isola tion is operative in races which are allopatric. During the present study in the sympatric as also in the allopatric races and species, more specific types of genetic barriers have been uncovered viz., hybrid sterility, hybrid inviability and hybrid breakdown. Moreover it has been observed that even in closely related forms, the isolation of species or races is accomplished by often quite distinct means and the interbreeding of a given pair of species or races is, as a rule, prevented not by the operation of a single mechanism but by the operation several mechanisms at the same time. This appears to be the case with any group of closely related species (Dobzhansky 1951) . Under the heading hybrid inviability are included all those mechanisms which prevent or retard the development of hybrids from the first division of the zygote to the final differentiation of the reproductive organs or gametes. The diploid and hexaploid races of S. nigrum of India, which are sympatric, are isolated by this mechanism. Stebbins (1958) proposed three immediate causes for hybrid invia bility: i) disharmony in the chromosomes and genes of the two parental species as they are combined in the hybrid nuclei; ii) disharmonious interaction between the chromosomes or genes of one species and the cytoplasm of the other; and iii) in hibition of the development of the hybrid embryo by the endosperm nourishing it. In the cross of the two races under discussion, endosperm formation and development of the hybrid embryo have been observed up to only the globular stage; therefore inhibition of the development of the hybrid embryo by the endo sperm nourishing it (cause iii above) seems to be the more probable cause of hybrid inviability.
Hybrid sterility as an isolation mechanism has been encountered in the present study in many cases. Completely male and female sterile hybrids have been ob tained in the crosses between diploids and tetraploids.
Hybrids with varying de grees of pollen sterility have been obtained in a number of crosses at all levels of ploidy. According to Stebbins (1958) the exact basic causes of hybrid sterility are only partly known and are probably numerous, but all may be considered as special examples of the same kind of genetic imbalance which is responsible for hybrid inviability.
Sterility in the various hybrids in the present study seems to be the result of both disharmonious gene combination and chromosomal structural differences of the parents.
In the various hybrids lack of structural homology between the parental chromosomes is indicated not only by reduced amount of pairing of chromosomes in the hybrids compared to the parents, but also by the occasional presence of rings or chains, indicating heterozygosity for translocations, and of bridge-fragment configurations suggesting heterozygosity for inversions. S. nigrum Indian hexaploid and S. memphiticum among the hexaploids and S. nodiflorum and S. americanum among the diploids are isolated by hybrid break down as can be concluded from the occurrence of weak and completely sterile plants in the F2 progenies of the hybrids involving the species. Stebbins (1958) thought it likely that hybrid breakdown may be due to differences between the parents in chromosome structure as well as in gene content. In the present study, chromosome differentiation between the parents is revealed by meiotic irregularities in the hybrids which seems to be responsible for hybrid breakdown.
Crossability: Tandon and Rao (1966a, b) had the success of a cross only when the higher chromosomal form was used as the pistillate parent, when the cross attempted involved races of different ploidy levels. In general this relation ship was found to hold good in our studies too; but it was also found that the use of a higher ploidy parent as female is not an essential criterion for a cross to be successful. Triploid hybrids were produced in the cross S. nigrum diploid S 31 as seed parent and S. nigrum natural tetraploid, S 33 as pollen parent. Similarly S. nodiflorum, a diploid, could be crossed as seed parent either to S. villosum, S 18 or S. luteum S 16, both of which are tetraploids. Thus all diploid races are not isolated from the tetraploid races to the same extent; some races seemed to have diverged enough as to be unable to cross as seed parents while others still remain at a lower level of differentiation retaining the ability to cross with tetraploids either as seed or pollen parents. Cytogenetic data obtained by us are consistent with the conclusion that the diploid and tetraploid races are closely related and diploids seem to have contributed some chromosomes to the genome of the tetraploids. Then the loss of crossability between the races even to the extent that the diploids cannot be pistil parents, is a decisive step in the evolution and divergence of the complex. However, this divergence appears to be just one of the mechanisms of the genetic isolation of the diploids and tetraploids and seems to be relatively of minor importance at the present stage of evolution of the S. nigrum complex. Hybrid sterility (cent percent pollen and ovule sterility) seems to be the major hurdle for gene exchange between the diploid and tetraploid races. European diploid and tetraploid seem to be isolated to a greater extent compared to the Indian races. In the former, triploid hybrids between them possess deformed petaloid stamens and this deformity is carried on to the hexaploids which are func tionally male sterile for the reason that their anthers do not dehisce and shed pollen. Such a deformity was not observed in the triploid hybrid between the Indian races.
Reversal of crossability was observed during the present study concerning the diploid, tetraploid and hexaploid races of India. Diploid S . nigrum as female crosses with natural tetraploid but fails to hybridize with natural hexaploid , while its autotetraploid crosses with the natural hexaploid, but fails to hybridize with the natural tetraploid. This seems to be a phenomenon of rather common occurrence in the Solanum nigrum complex, since Westergaard (1958) observed that , while autotetraploid S. nodiflorum produces hybrids with hexaploid S . nigrum both in nature as well as when artificially pollinated with a mixture of its pollen (2n=24) and that of S. nigrum (n=36), the diploid never crosses with the hexaploid . While the mechanism is not understood, an analogy can perhaps be drawn to the behaviour of S alleles in Solanum. It seems probable that the genic balance present in the diploid is upset on chromosome doubling resulting in reversal of crossability .
Breeding system, crossability relationships and isolation mechanisms have been studied in the Solanum nigrum L. complex, using 16 accessions including seven diploids, five tetraploids and four hexaploids.
Of these six are Indian forms and special attention has been paid to them. It was found that the diploids could be crossed with each other and also with natural tetraploids fairly easily, but never with the hexaploids.
Crosses between two tetraploids or two hexaploids readily produced hybrids. In general, in crosses involving two ploidy levels, a cross suc ceeds when the higher ploidy plant was crossed as the seed parent; but exceptions were found wherein the lower ploidy plant could be successfully used as the seed parent.
In this respect all diploid races are not isolated from the tetraploid races to the same extent; some races were divergent enough to be crossed only as male parents while others could be crossed in either direction.
Compared to this diver gence in crossability relationships hybrids sterility seems to be the major hurdle for gene exchange between the diploids and tetraploids.
The Indian diploid and tetraploid races are isolated to a lesser extent as compared to the European diploid and tetraploid races. Autopolyploidy reverses crossability relationships. The diploid S. nigrum of India as seed parent crosses with natural tetraploid S. nigrum of India but fails to cross with natural hexaploid S. nigrum of India. However, the autotetraploid of diploid S. nigrum crosses with natural hexaploid and fails to hybridize with natural tetraploid.
In addition to self-pollination and geographic isolation as factors restricting gene exchange between the different forms, hybrid sterility, hybrid breakdown and hybrid inviability were found to be operative in the complex.
Diploid and hexaploid races of S. nigrum of India are isolated by hybrid inviability, while the diploid and tetraploid races of S. nigrum of India are isolated by hybrid sterility.
